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UNDERFILLING EFFICIENCY BY 
MODIFYING THE SUBSTRATE DESIGN OF 

FLIP CHIPS 

BACKGROUND OF THE INVENTION 

FIGS. 1 and 2 illustrate the current substrate 14 design. 
The current substrate 14 design suffers from a long under 
?lling cycle time to under?ll a chip 10 of, for example, a 
How time of about 260 seconds and a self-?llet time of about 
570 seconds for a total time of about 830 seconds at about 
75° C. 

FIG. 1 illustrates a die/chip 10 having solder bumps 12 
af?xed to the bottom thereof. 

FIG. 2 illustrates the die/chip 10 af?xed to a substrate 14 
and an under?ll 16 is injected along the side 11 of the 
die/chip 10/substrate 14 through dispensing port 20, to 
under?ll the die/chip 10 and create a self-?llet 18. As noted 
above, this die/chip 10 under?lling time is long and creates 
a bottleneck in the process How. 

This long under?lling time is due to a loW ?oW rate of the 
under?ll 16 on the solder mask surface and/or under?ll voids 
caused because of air trapped underneath the die/chip 10. 
US. Pat. No. 6,470,261 B1 to Ng et al. describes an 

automatic freeway incident detection system and method 
using arti?cial neural netWork and genetic algorithms. 
US. Pat. No. 5,990,545 to Schueller et al. describes a chip 

scale ball grid array for integrated circuit package. 
US. Pat. No. 6,414,849 B1 to Chiu describes a loW stress 

and loW pro?le cavity doWn ?ip chip and Wire bond BGA 
package. 
US. Patent Application Publication No. US 2002/ 

0011656 A1 to SWanson et al. describes a semiconductor 
device protective overcoat With enhanced adhesion to poly 
meric materials and method of fabrication. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of one or more embodiments 
of the present invention to provide an improved substrate 
design for under?lling chips. 

Other objects Will appear hereinafter. 
It has noW been discovered that the above and other 

objects of the present invention may be accomplished in the 
folloWing manner. Speci?cally, (I) a substrate structure 
comprises a substrate; a solder mask is formed over the 
substrate; and a metal trace structure formed Within the 
solder mask. The metal trace structure including a channel 
therein for the receipt of under?ll. The metal trace structure 
further including a central portion With arms radiating 
outWardly therefrom, dividing the solder mask into separate 
areas. (II) A method of under?lling a chip Wherein a chip 
having a pattern of solder bumps formed on the underside of 
the chip is placed underside ?rst onto the metal trace 
structure of the present invention. The solder bump pattern 
including openings over the metal trace structure. Under?ll 
is introduced into the metal trace structure so that the 
under?ll ?oWs from the metal trace structure and betWeen 
the solder bumps to under?ll the chip. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will be more clearly understood 
from the folloWing description taken in conjunction With the 
accompanying draWings in Which like reference numerals 
designate similar or corresponding elements, regions and 
portions and in Which: 
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2 
FIGS. 1 and 2 schematically illustrate the prior art struc 

ture and method of under?lling semiconductor chips. 
FIGS. 3 to 5 schematically illustrate a ?rst preferred 

embodiment of the present invention. 

FIGS. 6 to 8 schematically illustrate a second preferred 
embodiment of the present invention. 

FIGS. 9 and 10 illustrate X-shaped structures. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

First Preferred EmbodimentiFIGS. 3 to 5 

FIGS. 3 to 5 illustrate the ?rst preferred embodiment of 
the present invention Wherein a metal trace structure 120 is 
formed Within the solder mask 122, displacing one or more 
roWs of solder bumps 112. The metal trace structure 120 
including a channel 117 therein for the receipt of under?ll 
116 Which ?oWs by capillary action. 
While a cross-shaped metal trace structure 120 is illus 

trated, other shaped metal trace structures 120 are permis 
sible, such as an X-shaped structure as illustrated in FIG. 9. 

For ease of understanding, FIG. 3 is a bottom up, plan 
vieW of the substrate 114 With the dashed line shoWing the 
die/chip 110 to be placed upon the substrate 114. 

Chip 110 may be a ?ip-chip/?ip-chip ball grid array 
(BGA). 
As shoWn in FIG. 4 (Which is a cross-sectional vieW of 

substrate structure 119) the metal trace structure 120 includ 
ing a channel 117 therein is actually formed Within the solder 
mask 122 over the substrate 114)/115). The cross-shaped 
metal trace structure 120 illustrated in FIG. 3 includes arms 
123a, 123b, 1230 123d terminating in respective ends 130a, 
130b, 1300, 130d. As shoWn in FIG. 3, ends l30aid may be 
T-shaped to permit better egress of under?ll 116 therein. 

It is through this metal trace structure 120 Which the 
under?ll 116 ?oWs. Under?ll 116 is roughly simultaneously 
introduced into metal trace structure 120 through its 
T-shaped ends l30aid and ?oWs through metal trace struc 
ture arms l23aid and around solder bumps 112 of die/chip 
110 as shoWn in FIG. 5 (Which shoWs just quadrant/block 
1330 of FIG. 3). Since the under?ll 116 ?oWs from the 
inside-out of the structure of solder bumps 112 on the 
die/chip 110 simultaneously from the four quadrants or 
blocks l33aid, the overall ?oW rate of the under?ll 116 is 
markedly increased to decrease the under?lling cycle time as 
compared to the conventional structure/process. This also 
substantially eliminates any under?ll 116 voids betWeen the 
solder bumps 112 as any air is pushed outWardly and is not 
trapped by the encroaching under?ll 116 due to the ?rst 
embodiment design of the instant invention. 
The inventors have determined that the under?lling cycle 

using the ?rst embodiment metal trace structure 120 of the 
present invention has been shortened from preferably about 
830 to 260 seconds and more preferably about 80 seconds. 

Because the ?rst embodiment metal trace structure 120 is 
formed of metal, the temperature of the under?ll 116 is 
better maintained to permit better How of under?ll 116 
through metal trace structure 120 and hence around the 
solder bumps 112 of the die/chip 110. The metal trace 
structure 120 is ?rst raised to a temperature of preferably 
from about 25 to 900 C. and then the under?ll 116 is 
introduced. 
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Second Preferred EmbodimentiFlGS. 6 to 9 

FIGS. 6 to 8 illustrate the second preferred embodiment 
of the present invention Wherein a metal trace structure 120' 
is formed Within the solder mask 122', displacing one or 
more roWs of solder bumps 112. The metal trace structure 
120' including a channel 117' therein for the receipt of 
under?ll 116 Which ?oWs by capillary action. 

Again, as With the ?rst embodiment, While a cross-shaped 
metal trace structure 120' is illustrated, other shaped metal 
trace structures 120' are permissible, such as an X-shaped 
structure as illustrated in FIG. 10. 

The second embodiment shaft metal trace structure 120' 
of the present invention is substantially identical to the ?rst 
embodiment metal trace structure 120 but With the addition 
of metal trace opening/ shaft 150 roughly in the center of the 
substrate structure 219 permitting in?oW of under?ll 116 
from the underside 220 of substrate structure 219 through 
opening/shaft 150, into the metal trace structure arms 223a, 
223b, 2230, 223d, through metal trace structure arms 
223aid and out from the metal trace arms 223aid and 
around solderbumps 112. 

For ease of understanding, FIG. 6 is a bottom up, plan 
vieW of the substrate 114 With the dashed line shoWing the 
die/chip 110 to be placed upon the substrate 114. 

Chip 110 may be a ?ip-chip/?ip-chip ball grid array 
(BGA). 
As shoWn in FIG. 7 (Which is a cross-sectional vieW of 

substrate structure 219 With die/chip 110 positioned there 
over) the shaft metal trace structure 120' is actually formed 
Within the solder mask 122 over the substrate 114 (/115). 

The cross-shaped shaft metal trace structure 120' illus 
trated in FIG. 6 includes arms 223a, 223b, 2230, 223d 
terminating in respective ends 230a, 230b, 2300, 230d. As 
shoWn in FIG. 6, ends 230aid may be T-shaped to permit 
better egress of under?ll 116 therein although is not neces 
sary in the second embodiment cross-shaped shaft metal 
trace structure 120' since the under?ll is introduced through 
metal trace opening/ shaft 150. 

It is through this metal trace structure 120 Which the 
under?ll 116 ?oWs. As noted above, under?ll 116 is intro 
duced into shaft metal trace structure 120' through its central 
opening/shaft 150 and ?oWs through metal trace structure 
arms 223aid and around solder bumps 112 of die/chip 110 
as shoWn in FIG. 8 (Which shoWs just quadrant/block 2330 
of FIG. 6). Since the under?ll 116 ?oWs from the inside-out 
of the structure of solder bumps 112 on the die/chip 110 
roughly simultaneously from the four quadrants or blocks 
233aid, the overall ?oW rate of the under?ll 116 is markedly 
increased to decrease the under?lling cycle time as com 
pared to the conventional structure/process. This also sub 
stantially eliminates any under?ll 116 voids betWeen the 
solder bumps 112 as any air is pushed outWardly and is not 
trapped by the encroaching under?ll 116 due to the second 
embodiment design of the of the instant invention. 

The inventors have determined that the under?lling cycle 
using the second embodiment metal trace structure 120' of 
the present invention has been shortened from preferably 
about 720 to 100 seconds and more preferably about 60 
seconds. Because the second embodiment metal trace struc 
ture 120' is formed of metal, the temperature of the under?ll 
116 is better maintained to permit better How of under?ll 116 
through metal trace structure 120' and hence around the 
solder bumps 112 of the die/chip 110. The metal trace 
structure 120' is ?rst raised to a temperature of preferably 
from about 25 to 90° C. and then the under?ll 116 is 
introduced. 
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ADVANTAGES OF THE PRESENT INVENTION 

The advantages of one or more embodiments of the 
present invention include: 

1. shortening of the under?ll time; and 
2. prevention of under?ll void underneath the die. 
While particular embodiments of the present invention 

have been illustrated and described, it is not intended to limit 
the invention, except as de?ned by the folloWing claims. 
We claim: 
1. A substrate structure, comprising: a substrate With 

solder bumps on a main region and a peripheral region of a 
front side thereof; a solder mask formed over the front side 
of the substrate, Wherein the solder bumps are exposed; and 
a metal trace structure formed Within the solder mask; the 
metal trace structure including a channel therein for the 
receipt of under?ll; the metal trace structure further includ 
ing a central portion With arms radiating outWardly there 
from, dividing the solder mask into separate areas. 

2. The structure of claim 1, Wherein the arms each include 
a distal end. 

3. The structure of claim 1, Wherein the solder mask 
includes a series of solder bumps. 

4. The structure of claim 1, Wherein the solder mask 
includes a series of solder bumps not over the metal trace 
structure. 

5. The structure of claim 1, Wherein the metal trace 
structure is a cross shape or an X-shape. 

6. The structure of claim 1, Wherein the metal trace 
structure is a cross shape. 

7. The structure of claim 1, Wherein the arms each include 
a distal end Wherein the distal ends of the respective arms 
receive the under?ll. 

8. The structure of claim 1, Wherein the arms each include 
a T-shaped distal end Wherein the T-shaped distal ends of the 
respective arms receive the under?ll. 

9. The structure of claim 1, Wherein the central portion of 
the metal trace structure includes a shaft disposed on a 
backside of the substrate, Wherein the channel is in com 
munication With the shaft to receive the under?ll. 

10. A substrate structure, comprising: a substrate With 
solder bumps on a main region and a peripheral region of a 
front side thereof; a solder mask formed over the front side 
of the substrate, Wherein the solder bumps are exposed; and 
a metal trace structure formed Within the solder mask; the 
solder mask including the solder bumps not over the metal 
trace structure; the metal trace structure including a channel 
therein for the receipt of under?ll; the metal trace structure 
further including a central portion With arms radiating 
outWardly therefrom, dividing the solder mask into separate 
areas. 

11. The structure of claim 10, Wherein the arms each 
include a distal end. 

12. The structure of claim 10, Wherein the metal trace 
structure is a cross shape or an X-shape. 

13. The structure of claim 10, Wherein the metal trace 
structure is a cross shape. 

14. The structure of claim 10, Wherein the arms each 
include a distal end Wherein the distal ends of the respective 
arms receive the under?ll. 

15. The structure of claim 10, Wherein the arms each 
include a T-shaped distal end Wherein the T-shaped distal 
ends of the respective arms receive the under?ll. 

16. The structure of claim 10, Wherein the central portion 
of the metal trace structure includes a shaft disposed on a 
backside of the substrate, Wherein the channel is in com 
munication With the shaft to receive the under?ll. 

* * * * * 


